
^2 0 0 1 -3 0 8 89 9 



1. Title of Invention 

INTEGRATED WIRELESS BROADBAND 
COMMUNICATIONS NETWORK 

2. Claims 

l. A communications system 100 comprising: 

a broadband subsystem 50 comprising at least one UWB node 60 
including a first UWB transceiver 30 and at least one application node 40 linked to 
said UWB node 60 by a broadband link 50; 



80, said remote communicator 80 including a second UWB transceiver 90, said first 
and second UWB transceivers configured to communicate with each other via an 
UWB communications link 15. 

2. The communications system 100 of claim 1 wherein said broadband 
link 5 1 is an Ethernet 

3. The system 100 of claim 1 wherein at least one remote 
communicator 80 comprises a tag. 

4. The system 100 of claim 1 wherein at least one remote 
communicator 80 comprises a monitor. 

5. The system 100 of claim I wherein at least one remote 
communicator 80 comprises a network interface device (NIC). 



a wireless subsystem 1 6 comprising at least one remote communicator 
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6. The system 100 of claim 1 configured to simultaneously determine 
the position in space of a remote object, telemeter data related to said remote object to 
a node of a local area network 50, and process said data related to said remote object 
on an application node 40 of said local area network 50. 

7. The system of claim 6 further configured to track the position of 
said remote object as said object moves through space. 

8. The system of claim 6 wherein said object is selected from the 
group comprising humans, animals, and equipment. 

9. The system of claim 1 wherein said wireless subsystem 1 6 includes 
a plurality of remote communicators 80 including at least one monitor, at least one tag 
and at least one network interface device. 

10. The system 100 of claim 9 wherein said broadband subsystem 50 
includes a plurality of UWB nodes 60, at least one UWB node 60 configured to 
communicate with said monitor, at least one UWB node 60 configured to 
communicate with said tag and at least one UWB node 60 configured to communicate 
with said network interface device. 

11. The system of claim 9 wherein at least one UWB node 60 is 
configured to communicate with said tag, said monitor and said network interface 
device. 

12. The system 100 of claim 4 wherein said monitor comprises at least 
one sensor coupled to said UWB transceiver 90. 

13. The system 100 of claim 12 wherein said sensor is configured to 
sense a physiological condition of a patient. 

14. The system 100 of claim I wherein said application node 40 is 
configured to execute a radio frequency identification (RFID) application. 

15. The system 100 of claim I wherein said first and second UWB 
transceivers 30 and 90 are configured to encrypt data to be communicated via said 
UWB link 15. 
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3. Detailed Description of Invention 

BACKGROUND OF THE INVENTION 

The invention relates generally to the field of communications, and 
more particularly, the present invention relates to a wireless telemetry system 
integrated with a broadband network such as an Ethernet local area network to 
provide integrated tracking, telemetry and local area networking functions. 

Conventional telemetry systems exist that allow data from multiple, 
remotely located telemeters to be monitored from a central location. These systems 
typically comprise remote sensors that remotely collect the data from respective 
devices and transmit the data over a wireless link to a centralized monitoring station. 
From the centralized monitoring station, the data can be monitored in real time. The 
station may also include automated monitoring software for alerting an operator 
whenever a predetermined event occurs, such as a cardiac arrhythmia condition of a 
remotely monitored hospital patient. 

Remote telemeters of conventional telemetry systems are generally of 
two types: fixed instrument remote telemeters and portable remote telemeters. For 
example, a remote telemeter for an ambulatory patient is a portable, battery-powered 
device, also referred to as a tag, which permits the physiologic condition of a patient 
to be monitored while the patient is ambulatory. The ambulatory telemeter attaches 
to the patient by a strap or other attachment device, and receives the patient's 
physiologic data via ECG leads (and/or other types of sensor leads) which attach to 
the patient's body. The physiologic data is continuously transmitted to the central 
monitoring station by the telemeter's RF (radio frequency) transmitter to permit real- 
time monitoring. A design of a remote transceiver which may be used in a two-way, 
ambulatory telemeter is described in US patent no. 5,944,659 to Flach. Examples of 
fixed instrument remote telemeters include patient telemeters that operate in a similar 
manner to those described above, but receive the patient's physiologic data from a 
bedside monitor (or other instrument) over a hardwired link, such as an RS-232 
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connection. Instrument remote telemeters that transfer the physiologic data to the 
central station over a hardwired connection are also common. 

While such devices are useful for monitoring various conditions of 
remote objects and persons, e.g., the condition of a patient, they have associated 
disadvantages. First, typical transceivers in these systems rely upon space, time and 
frequency diversity schemes to overcome the effects of multi-path interference when 
transmitting data from a remote device to a monitoring station. Multi-path 
interference is particularly problematic for intra building transmissions. 
Implementing diversity schemes such as those mentioned increases the cost, size and 
complexity of a system. In addition, in at least some implementations, a loss of data 
may occur when a "switch-over" is performed from one antenna/receiver pair to the 
other. Another problem encountered in typical distributed antenna systems is that 
they are typically highly vulnerable to isolated sources of electromagnetic 
interference (EMI). Specifically, because the signals received by all of the antennas 
are combined using RF signal combiners, a single source of interference (such as a 
cellular phone or a faulty preamplifier) at or near one of the antennas can introduce an 
intolerable level of noise into the system, potentially preventing the monitoring of all 
patients. One consequence of this problem is that antennas generally cannot be 
positioned near known intermittent sources of EMI such as X-ray machines, CAT 
(computerized axial tomography) scanners, and fluoroscopy machines, preventing 
patient monitoring in corresponding diagnostic areas. Accordingly a need exists for 
telemetry systems capable of operating reliably indoors with minimal interference and 
without the need for complex or redundant hardware. 

It is frequently desirable to precisely locate and track a remote object 
whose condition is being monitored. However, while coarse positioning (calculating 
the position of an object with an accuracy of about a few yards) is possible with 
existing systems, these systems are not suitable for accurate location and tracking of 
the remote telemeters from which they receive data. Conventional direction rinding 
devices exist that locate persons and objects more precisely using triangulatton 
techniques and appropriate transmitters. However, these require additional dedicated 
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hardware, and thus a separate infrastructure from the remote monitoring application. 
Further, these systems may not be accurate in all conditions, especially in severe 
multipath environments. 

Loca] area networks for sharing data and application programs, i.e., 
"applications" among users are common in hospitals, offices and commercial and 
industrial facilities. LAN architecture provides for a plurality of nodes, typically 
comprising personal computers, configured to run one or more user applications. The 
computers are typically interconnected by an infrastructure comprising a broadband 
link such as Ethernet. The LAN infrastructure includes cabling distributed throughout 
the facility such that all the computers are coupled to one another. When upgrading a 
facility to include such capabilities as telemetry, remote monitoring and tracking, it 
would be desirable to integrate the upgraded capabilities with existing LAN 
infrastructure within the facility. Accordingly, there is a need for an integrated 
communications network capable of performing conventional LAN applications and 
functions while carrying out telemetry, monitoring, and tracking functions. 

BRIEF SUMMARY OF THE INVENTION 

A communications system comprises a broadband subsystem 
comprising at least one UWB node including a first UWB transceiver and at least one 
application node linked to the UWB node by a broadband link. The system further 
comprises a wireless subsystem comprising at least one remote communicator , the 
remote communicator including a second UWB transceiver. The first and second 
UWB transceivers are configured to communicate with each other via an UWB 
communications link. 
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DETAILED DESCRIPTION OF THE INVENTION 
Definitions 

For purposes of this specification, the term "ultra wideband" (UWB) 
as it applies to radio frequency communication technologies refers to a wireless 
technology for transmitting information by means of a series of ultra short duration 
pulses, also referred to ultra- wideband pulses. A single bit of information is typically 
spread over multiple pulses. A UWB pulse is characterized by Gaussian spectral 
characteristics, that is, energy content distributed generally evenly over a wide range 
of frequencies, typically at least about 100 MHz at the half power points of a pulse. 
One example of an UWB pulse has a pulse width of between about .2 and about 1.5 
nanoseconds and a pulse to pulse interval of between about twenty five and about one 
thousand nanoseconds. 

For purposes of this specification, a "communications system" refers 
to a collection of individual communications networks, transmission systems, relay 
stations, and computers configured to operate as an integrated whole. The term 
"remote" means operating from a distance. The term "local area network" (LAN) 
refers to a communications system that lies within a limited spatial area and has a 
specific user group. LANs are typically restricted to relatively small areas, such as 
rooms, buildings, ships, and aircraft The term wide area network (WAN) refers to a 
physical or logical network that provides data communications to a larger number of 
independent users than are usually served by a LAN. A WAN is usually spread over 
a larger geographic area than that of a LAN. WANs may include physical networks, 
such as Integrated Services Digital Networks (ISDNs), X.25 networks, and Tl 
networks. WANs may be nationwide or worldwide. The "Internet" is a WAN 
comprising a worldwide interconnection of individual networks operated by 
government, industry, academia, and private parties. For purposes of this 
specification the term "node" means a device capable of sending, receiving, or 
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sending and receiving information over a communications channel of a LAN or a 
WAN network. For purposes of this specification the term "configured" means 
provided with appropriate components, the components being interconnected and 
programmed to cooperate in the performance of a given function. 

For purposes of this specification, the term "broadband" with respect 
to a network means network bandwidth capable of supporting multi-media 
applications such as video-conferencing. The term "broadband" with respect to a 
signal refers to a signal that occupies a broad frequency spectrum. In general the term 
"broadband" refers to the property of any communications facility, equipment, 
channel, or system in which the range of frequencies used for transmission is greater 
than 0.1 % of the mid-band frequency: A "signal" is detectable transmitted energy 
that can be used to carry information. The term "information" refers to the meaning 
that a human assigns to data by means of the known conventions used in their 
representation. The term "information" also refers to unprocessed data of every 
description which may be used in the production of intelligence. 

A "tag" is a self contained, portable device including a transmitter, that 
is affixed to an object, animal or person to be tracked. The object is tracked based on 
the information transmitted by the transmitter. A "network interface card" (NIC) is 
any device configured to communicate digital data between the computer to which it 
is coupled and a remotely located computer network, for example, to a LAN, by 
means of a wireless communications link. A "monitor" is any device that collects 
data, for example physiologic data of patients, and transfers the data to a data 
distributor, for example a local area network (LAN) 50, over a wireless 
communications link. 

System Overview 

Ultra wideband radio broadcasts precisely timed pulses across a very 
wide frequency spectrum. The UWB radio transmitter and receiver are coordinated to 
send and receive pulses with, in some cases, an accuracy in the range of trillionths of 
a second. On any given frequency band that may already be in use, the ultra-wideband 
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signal has power no greater than the normal and anticipated background noise thus 
decreasing the likelihood of interference. 

A communications system 100 according to an embodiment of the 
invention is illustrated in FIG. 1. Communications system 100 comprises at least one 
broadband subsystem 50 and at least one wireless subsystem 16. Broadband 
subsystem 50 comprises broadband link 51, at least one application node 41 and at 
least one UWB node 60. Wireless subsystem 16 comprises at least one remote 
communicator 80 and at least one UWB node 60. 

In the embodiment illustrated in FIG. 1, broadband subsystem 50 
comprises a local area network (LAN) configured such that at least one application 
node 41 is coupled to at. least one UWB node 60. In the embodiment of FIG. 1, 
broadband subsystem 50 is configured in accordance with a typical Ethernet 1 * link 
protocol such as 100BaseTX (Ethernet) protocol. In one embodiment of the invention, 
broadband subsystem 50 and wireless subsystem 16 have at least one component in 
common, e.g., UWB node 60. 

Remote communicator 80 comprises a remote device 70 and an UWB 
transceiver 80. UWB transceiver 30 and UWB transceiver 80 are configured to 
communicate with each other via UWB channel 15. In one embodiment of the 
invention UWB channel 1 5 comprises a link for transmission of information from 
device 70 to UWB node 60. In an alternative embodiment of the invention, UWB 
channel 15 comprises a link for transmission of information from UWB node 60 to 
remote device 70. In yet another embodiment of the invention UWB channel 15 
comprises a full duplex channel for transmission of information to and from UWB 
node 60 and remote device 70. 

UWB node 6Q 

General 

UWB node 60 is configured as a gateway between broadband 
subsystem 50 and wireless subsystem 16. Although only one UWB node 60 is 
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illustrated in FIG. 1, the number of UWB nodes of system 100 is not limited to a 
single node. Alternative embodiments of the invention include a plurality of UWB 
nodes. UWB node 60 receives data from at least one remote communicator 80 via 
ultrawideband link 15. In one embodiment of the invention, an UWB node is 
configured to support a particular remote communicator device type. For example, in 
one embodiment of the invention UWB node 60 is configured to support at least one 
tag. In an alternative embodiment of the invention UWB node 60 is configured to 
support at least one monitor. In yet another embodiment of the invention, UWB node 
60 is configured to support at least one NIC. In another embodiment of the invention, 
UWB node 60 is configured to support a plurality of communications device types for 
example, a tag, a monitor and a NIC. 

In one embodiment of the invention, each UWB node is assigned a 
unique identification code and the code is assigned and programmed during 
manufacture of UWB node 60. An example identification code comprises at least two 
fields. One field comprises a device number field. This field contains a device 
number that is unique to a particular device. In one example, the unique device 
number is a 29 bit binary number. Accordingly, a population of 2 W unique UWB 
nodes are accommodated. Another field comprises a device type code. Examples of 
device type codes are shown in Table L As shown in Table 1, a device type code of 
001 corresponds to a tag, while a code of 010 corresponds to a monitor. The 
identification described herein and shown in Table 1 represents a convenient scheme 
that provides unique identification of UWB nodes while allowing repetition of 
numbers across communications devices. However, other embodiments of the 
invention will employ alternative identification schemes, and these remain within the 
scope of the invention. 



Table 1. 
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001 


Tag 
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Monitor 
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Network Interface Card 



Fig. 2 is a block diagram of UWB node 60 according to an 
embodiment of the invention. UWB node 60 comprises at least one generic personal 
computer (PC), for example, a PC comprising a Pentium™ processor 3 1 that includes 
typical input output (I/O) circuits and a coupler, e.g., a commercially available LAN 
adapter 20, configured to couple UWB node 60 to broadband link 51. In one 
embodiment of the invention LAN adapter 20 and broadband link 5 1 are configured 
to operate in accordance with a conventional network architecture standard. 
Examples of network standards suitable for use in the present invention include 
peripheral component interconnect (PCD, Industry Standard Architecture (ISA), and 
Micro Channel Architecture (MCA) and the like. In one embodiment of the invention 
LAN adapter 20 comprises a commercially available 100BaseTX LAN card. 

UWB node 60 further comprises at least one transceiver 30. In one 
embodiment of the invention UWB transceiver 30 is an impulse radio transceiver 
configured for full duplex ultra-wideband communications between UWB node 60 
and transceiver 90. Other embodiments of the invention are configured for half 
duplex, or one way communications. An example of a transceiver suitable for use in 
the present invention is disclosed in US patent # 5687169 to Fullerton. Another 
example of an UWB receiver can be found in US patent #5,523,760 to McEwan. 

Receiver portion 

First UWB transceiver 30 includes a receiver portion 1701 and a 
transmitter portion 1700. Receiver portion 1701 is configured to receive a propagated 
impulse radio signal 1724 transmitted by transceiver 90 of remote communicator 80 
(illustrated in FIG.l). The signal transmitted by remote communicator 80 carries 
information specific to the application running on application node 41 of broadband 
subsystem 50. For example, broadband subsystem 50 may be a LAN within a 
hospital and application node 41 is configured to execute a remote identification 
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program. In that embodiment, remote device 70 is a tag and the signal transmitted by 
remote communicator 80 contains information about the tagged patient or object. 

Receiver portion 1701 is configured to demodulate the signal 
transmitted by remote communicator 80 and to provide a demodulated signal 
comprising the transmitted application data and other transmitted application 
information to processor 31. Processor 31 is programmed to process the data such 
that the application information is provided to LAN adapter 20 in a format usable by 
LAN adapter 20. 

Receiver portion 1701 further comprises a receive antenna 1726 for 
receiving propagated impulse radio signal 1724 via UWB channel 15. Signal 1724 is 
received as an input to a cross correlator 1 728 via a receiver transmission line 1 730, 
coupled to the receive antenna 1726. Transceiver 30 further comprises a decode 
timing modulator/decode source 1732 and an adjustable time base 1734. In one 
embodiment of the invention, adjustable time base 1734 comprises a voltage 
controlled oscillator. In an alternative embodiment of the invention, adjustable time 
base 1734 comprises a variable delay generator. The decode timing 
modulator/decode source 1732 (hereafter called the decode timing modulator) 
generates a decode signal 1736 corresponding to the identification code used by the 
corresponding remote communicator 80 that transmitted the propagated signal 1724. 
The adjustable time base 1734 generates a periodic timing signal 1738 that comprises 
a train of template signal pulses having waveforms substantially equivalent to each 
pulse of the received signal 1724. 

The detection process performed by the cross correlator 1728 
comprises a cross correlation operation of the received signal 1724 with the decode 
signal 1736. Integration over time of the cross correlation generates a baseband 
signal 1740. The baseband signal 1740 is demodulated by a demodulator 1742 to 
yield a demodulated information signal 1 744. The demodulated information signal 
1744 contains application specific information provided by remote communicator 80 
for use by a corresponding application node 40. Demodulated information signal 
1744 is first provided to processor 31. Processor 31 is configured to receive 
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demodulated information signal 1 744 and to distribute the information to one or more 
nodes, for example application node 40, of LAN 50. 

In one embodiment of the invention, the baseband signal 1740 is also 
input to a lowpass filter 1746. The lowpass filter 1746 generates an error signal 1748 
for an acquisition and lock controller 1750 to provide minor phase adjustments to the 
adjustable time base 1734. 

Transmitter Portion 

As illustrated in FIG. 2, transmitter portion 1700 of transceiver 30 of 
UWB node 60 comprises a time base 1702 that generates a periodic timing signal 
1704, which is provided to a time delay modulator 1706. The time delay modulator 
1706 modulates the periodic timing signal 1704 with an information signal 1708. 

Information signal 1708 is provided by processor 3 1 . The information 
represented in signal 1708 is derived from at least one node of LAN 50, for example, 
application node 40. In one embodiment of the invention, signal 1708 comprises 
application specific information. For example, in one embodiment of the invention 
application node 40 comprises a computer running medical application software, and 
is configured to provide images of a patient to LAN 50 for transmission via UWB 
channel 15. In that case, signal 1708 carries images. In one embodiment of the 
invention, the images are transmitted to a remote computer for display to a doctor or 
other medical operator for evaluation of a condition of a patient In another example, 
LAN 50 is located within an industrial facility and application node 40 comprises a 
maintenance training application. In that case, signal 1708 comprises images and text 
relating, for example, to removal, repair an installation of equipment 

The modulated timing signal 1710 is provided to a code time 
modulator 1712 that dithers the modulated timing signal 1710 using a pseudo noise 
code. The code time modulator 1712 outputs a modulated, coded timing signal 1714 
to an output stage 1716. The output stage 1716 uses the modulated, coded timing 
signal 1714 as a trigger to generate UWB pulses (not shown). The UWB pulses are 
sent to a transmit antenna 1718 via a transmission line 1720 coupled thereto. The 
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pulses are converted into propagating electromagnetic pulses 1722 by the transmit 
antenna 1718. 

In one embodiment of the invention, the transmitted pulses are 
encrypted in accordance with a conventional data encryption standard (DES) 
algorithm. Commercially available devices for data encryption include the Motorola 
MC6859 DES chip. 

Remote Communicator 80 

Remote communicator 80 comprises a transceiver 90 coupled to a 
remote device 70. Remote device 70 is selected from the group including tags, 
monitors and NICs. In one embodiment of the invention, remote device 70 and 
transceiver 90 are constructed as an integral unit. In an alternative embodiment 
remote device 70 and transceiver 90 are separate units coupled together by a 
communications interface means such as a cable. 

While only one remote communicator 80 is depicted in FIG. 1, the 
invention is not limited to embodiments including a single remote communicator. On 
the contrary, as those of ordinary skill in the art will recognize, a plurality of 
combinations and permutations of device types will operate simultaneously in system 
100 and will communicate with one or more UWB nodes 60. For purposes of 
explanation, each type of remote device 70 will be discussed individually 
hereinbelow. 

Remote Devices 70 
lag 

In one embodiment of the invention, at least one remote device 70 is a 
tag. In this embodiment at least one application node 41 is configured to execute a 
computer program for maintaining and managing Radio Frequency Identification 
(RFID) information. RFID systems are used for identification and/or tracking of 
equipment, inventory, or living things. RFID systems are radio communication 




(24) ^200 1 -3 08 89 9 

systems that communicate between a radio transceiver and a number of inexpensive 
remote devices 70. 

A tag is a self contained, portable device including a transmitter, that is 
affixed to an object, animal or person to be tracked. A tag is typically battery 
powered. Typical users include medical personnel, hospital patients, and visitors to 
industrial facilities. Tags are typically employed to track users or objects as they 
move about a facility, or other geographic area. 

Tag 70 is coupled to UWB transceiver 90. In one embodiment of the 
invention, tag 70 is coupled to an UWB transmitter only. In one embodiment of the 
invention tag 70 includes a motion sensor configured to sense when an object or 
person is in motion. In that case, transceiver 90 of tag 70 transmits motion data to a 
corresponding UWB node 60 via UWB link 15. In one embodiment of the invention, 
Remote communicator 80 is fiirther configured to monitor UWB link 15 for an 
acknowledgment message from UWB node 60 indicating that motion data has been 
received from tag 70. If an acknowledgment is not received within a predetermined 
interval, e.g., an interval no greater than 1% of the tag update rate, remote 
communicator 80 re-transmits the motion data. An example tag update rate is once 
every three seconds for mobile tags, and once every 36 seconds for stationary tags. In 
one embodiment of the invention, acknowledgments from UWB node 60 include 
error correction and detection codes, and remote communicator 80 is configured to 
decode and verify acknowledgment integrity. Remote communicator 80 is configured 
to confirm that the identification code contained in the acknowledgment matches 
remote communicator 80's identification code. Remote communicator 80 is 
configured to discard corrupt or erroneously addressed acknowledgments. 

An alternative embodiment of the invention Tag 70 comprises a 
motion sensor and transceiver 90 transmits data immediately upon tag 70 sensing 
motion. Transceiver 90 transmits data at a rate greater than the update rate for as long 
as the object or person is in motion. Upon detecting the cessation of motion for a 
predetermined time, e.g., least about a 2 minute interval, tag 70 returns to its 
predetermined tag update rate. In one embodiment of the invention, transceiver 90 is 
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configured to utilize a multiple access (MA) scheme and is assigned an MA channel 
upon manufacture of remote communicator 80. 

In one embodiment of the invention, remote communicator 80 includes 
an alarm circuit. The alarm circuit is configured to be activated by a user. Example 
activation mechanisms include mechanical mechanisms such as switches and push 
buttons, as well as electronic mechanisms such as capacitive switches and the like. 
The alarm circuit allows a user to request immediate assistance. In one embodiment 
of the invention, tag 70 includes a spring loaded switch, which, when activated, 
provides notification that tag 70 has been removed from the object to which it is 
affixed. In one embodiment of the invention, tag 70 is adapted to sense battery power 
and to provide an indication of a power supply at or approaching minimum 
operational levels. Upon receipt of a such a power supply integrity indication, tag 70 
provides an indication of the condition via UWB channel 15 to UWB node 60. UWB 
node 60 provides an indication of the condition to an operator. Examples of 
indications generated by UWB node 60 include, audible, visual and tactile alarms and 
indications. 

Network Interface Card CNJCA 

In one embodiment of the invention, at least one remote communicator 
80 includes a NIC transceiver 90. In that embodiment a personal computer such as a 
lap top computer comprises remote device 70. NIC transceiver 90 is coupled to 
computer 70 and configured to transmit digital data from computer 70 over UWB link 
15 to UWB node 60. NIC transceiver 90 is configured to exchange user data with 
UWB node 60 in asynchronous, full duplex mode. NIC transceiver 90 is further 
configured to exchange data packets over UWB link 15 in accordance with a network 
layer addressing protocol such as an IP protocol. In one embodiment of the invention 
UWB channel 1 5 comprises a wireless multiple access (MA) channel configured to 
convey signals comprising data packets between a UWB node 60 and remote 
communicator 80. 
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In one embodiment of the invention, NIC transceiver 90 is assigned a 
default MA channel upon manufacture. In an alternative embodiment of the 
invention, the specific UWB channel 15 used by NIC transceiver 90 is selected by 
UWB node 60. In another embodiment of the invention, the UWB channel is selected 
by a user. In one embodiment of the invention, NIC transceiver 90 is configured to 
generate user configurable security codes, and to present these codes to UWB node 
60. UWB node 60 is configured to receive and authenticate the user configurable 
security codes, before UWB node 60 grants NIC transceiver 90 access to broadband 
subsystem 50. In one embodiment of the invention, NIC transceiver 90 is configured 
to authenticate itself to UWB node 60 on one channel, and to exchange data on 
another channel. This configuration allows NIC transceiver 90 to roam between 
coverage areas of UWB node 60. 

In one embodiment of the invention, NIC 90 is adapted to accept input 
from computer 70 indicating a power supply at or approaching minimum operational 
levels. Upon receipt of a such a power supply integrity indication, NIC 90 provides 
an indication of the condition via UWB channel 15 to UWB node 60. UWB node 60 
then provides an indication of the condition to an operator. Examples of operator 
indications include, audible, visual, and tactile alarms and indications. 

Monitor 

In one embodiment of the invention, remote communicator 80 
comprises a battery-powered monitor 70 which attaches to a patient, and which 
collects the physiologic data of the patient and provides the data to transceiver 90 for 
transmission to UWB node 60. A monitor is a device which collects data, for 
example physiologic data of patients (including ambulatory patients) of a medical 
facility, and transfers the data to a data distributor. Transceiver 90 transmits the 
physiologic data to broadband subsystem 50 for monitoring and display on an 
associated application node 40. Transceiver 90 communicates the data to UWB node 
60 via UWB channel 15. 
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As those of ordinary skill in the art will recognize, alternative 
embodiments of remote communicator 80 and monitor 70 are numerous. For 
example, in one embodiment of the invention, monitor 70 is configured to monitor 
occupational exposures of workers. In another embodiment of the invention, monitor 
70 is configured as a highly sensitive security badge with both chemical sensing and 
positional determining capabilities. 

Transceiver 9Q 

Each remote communicator 80 includes an UWB transceiver 90. 
Similar to UWB transceiver 30, UWB transceiver 90 includes a receiver portion 701 
and a transmitter portion 700. Receiver portion 701 is configured to receive a 
modulated signal transmitted by transceiver 30 of UWB node 60 (illustrated in 
FIG.l). The modulated signal transmitted by UWB node 60 represents information 
specific to the application running on application node 41 of broadband subsystem 50. 

Receiver portion 701 is configured to demodulate the signal and to 
provide a demodulated signal comprising commands and data for remote device 70. 
Receiver portion 701 further comprises a receive antenna 726 for receiving a 
propagated impulse radio signal 724 via UWB channel 15. Signal 724 originates 
from UWB node 60 and is received as an input to a cross correlator 728 via a receiver 
transmission line 730, coupled to the receive antenna 726. Transceiver 30 further 
comprises a decode timing modulator/decode source 732 and an adjustable time base 
734. In one embodiment of the invention, adjustable time base 734 comprises a 
voltage controlled oscillator. In an alternative embodiment of the invention, 
adjustable time base 734 comprises a variable delay generator. The decode timing 
modulator/decode source 732 (hereafter called the decode timing modulator) 
generates a decode signal 736 corresponding to the identification code used by the 
corresponding remote communicator 80 that transmitted the propagated signal 724. 
The adjustable time base 734 generates a periodic timing signal 738 that comprises a 
train of template signal pulses having waveforms substantially equivalent to each 
pulse of the received signal 724. 
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The detection process performed by the cross correlator 728 comprises 
a cross correlation operation of the received signal 724 with the decode signal 736. 
Integration over time of the cross correlation generates a baseband signal 740. The 
baseband signal 740 is demodulated by a demodulator 742 to yield a demodulated 
signal 744. 

In one embodiment of the invention, the baseband signal 740 is also 
input to a lowpass filter 746. The lowpass filter 746 generates an error signal 748 for 
an acquisition and lock controller 750 to provide minor phase adjustments to the 
adjustable time base 734. 

Transmit Portion 

Transmitter portion 700 of transceiver 90 of remote communicator 80 
comprises a time base 702 that generates a periodic timing signal 704, which is 
provided to a time delay modulator 706. The time delay modulator 706 modulates the 
periodic timing signal 704 with an information signal 708. 

Information signal 708 is provided by remote device 70. In one 
embodiment of the invention, signal 1708 comprises application specific information. 
For example, in one embodiment of the invention remote device 70 is a monitor 
configured to sense the physiologic condition of a patient In that case, signal 708 
carries the patient's physiologic data. 

The modulated timing signal 710 is provided to a code time modulator 
712 that dithers the modulated timing signal 710 using a pseudo noise code. The code 
time modulator 712 outputs a modulated, coded timing signal 714 to an output stage 
716. The output stage 716 uses the modulated, coded timing signal 714 as a trigger to 
generate UWB pulses (not shown). The UWB pulses are sent to a transmit antenna 
718 via a transmission line 720 coupled thereto. The UWB pulses arc converted into 
propagating electromagnetic pulses 722 by the transmit antenna 718. 

While only certain preferred features of the invention have been 
illustrated and described, many modifications and changes will occur to those skilled 



in the art. It is, therefore, to be understood that the appended claims are intended to 
cover all such modifications and changes as fall within the true spirit of the invention. 
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4. Brief Description of Drawings 

FIG. I is a block diagram of a system according to an embodiment of 

the invention. 

FIG. 2 is a block diagram of an ultra wideband node of the system 
illustrated in FIG. 1 according to an embodiment of the invention. 



FIG.3 is a block diagram of a remote communicator of the system 
illustrated in FIG. 1 according to an embodiment of the invention. 
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FIG. 2 
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1. Abstract 

An integrated tracking, telemetry and local area networking system 
100 is provided. A communications system 100 comprises a broadband subsystem 50 
comprising at least one UWB node 60 including a first UWB transceiver 30 and at 
least one application node 40 linked to the UWB node 60 by a broadband link 15. 
The system 100 further comprises a wireless subsystem 16 comprising at least one 
remote communicator 80, the remote communicator 80 including a second UWB 
transceiver 90. The first and second UWB transceivers 30 and 90 are configured to 
communicate with each other via an UWB communications link 15. 

2. Representative Drawing: Figure l 
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«^?i©ii^tLr«^5n-5„ ^©^^©^Pir 

;UX7 0ih5>->-M9 0«, ^-^^©jimw 
> - V * A X^SiK. «fc o T®^ 3 hWffiaWRr* 
2.,, 

[003 1 ] 1 -3©j£Pl=J 3 =-T- $ 8 0 /cW« 1 
tC^3nrc^*s. 2|E^«lo©SPS=i3 ^.-^-3? 

^jafucsa©^^^©^^ x^x^a i o oft-? 

^(CSbfPf* . */c. lo«Jb©UWB^- F6 0 t 

^ 7 0 GCOOTtrFT <MSiJ(ClftH^3iiS. 

[003 2] [«PI^UX7 0] 

[ * y] *&W<D-mMBi&<D'J>rj:< t h 1 oco^Pi^ 
;WX7 0tt$ ^-c* £„ **SS^©^^ <ifeio 
©T ^ >) T-\ s > • F 4 1 «. ^il^i^ij 

(RF I D) tt$S ; Sr^L.^a-r^^>f^-^ • 7'n 

^^©^^/^^©/cAtCRF 1 Df*7-A#s 
f»J^$nS. RF I D->x-r-A«. Mililh 7 
Sffife^ < ©^PgT 1 /-! -fX70i ©ra©iift«:?f 

[0033] ^wasifcraf/wxts^t, 




11 

ccBSioo^ens. *^b, #51. ynir* 
nattw^©»w«*«***i*. *^b, ssia-^ 

[0 03 4] £^7 OttUWB h7>^A'9 0 tcSfitt 
£*l£o *^©-WW»Djr^7 0«UWBaMI» 
K»IQi^8tl4. *«H<3>-Sai«»S!>*y7 0«» 

tt#-fe>1f-*WOn^. £^7 0(7)F^ 

o^cuwb y>^ l 5^irift^ n 

J6JB«8coaB=i5 0«S^CC. Ibi*^-* 

FB, ^»ffl^^i3#S{Cli-C*») t W&ZVt: 
B3 6»CC 1 **m©-^ UMBftfrCB. UW 

n/cSffii»^Mr * <t ^ ^ ti 30 
[0 03 5] ^m$<Dm<Dmmm<D*?i o »u# -k 

t**|R0, HSrU- FJ:9A*&u-Fr F^>^- 
— HJfijg«©h^>^-^9 o«. ^mr^-fex (m 

A) X^-A^jILtS«?n, awns*- 

[0 03 6] ^A990-Xm^Ha>itM=i 5 * 
8 0»«NIHK*#l/"CC>*. MSffiK. a— !f«cj: 

B. ^^9^?2/a#>>»©WB4|||iSi 
ttx -Y * ^*D«»W«H«^**i*. VffiaBtc J: o 

mttbztitctzic *y7o«Hjestifc»*«!*6 




^2 00 1 -308 89 9 
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«*&-r^o uwb^-F6o»4. tcDwrnxomm**^ 

UWB/- F6 0(Ccfco"C^Sti 

[0 03 7] [^^7-^->f>^-7 J :>fX-^- 
F (NIC) ] *»IBO-j6»»»rtt, *!>&< i*> 1 
oc^^Pin 5 ^^^r-^8 OttN I C F v*9 0 

X7 0^ltl^„ NICh7»-^9 0tt3>b' 
^-^TOtCg^n, t^^JU - ir-££:a>f^- 
£7 0^6UWB'J>^ 1 5^UtUWB^- F6 0 
Ct£i*^££5K«Ji£i**l£ 0 NICh7»-A9 0 
B, UWBy- F6 0^:fiJfflLr^|H)WCD^2M^r- F 

fc:, NICh7»-^9 0^ I P:/n 

? F ?-^B£t FuxtS7*a uw 

BV>? I 5mtf-^ • F^&rT&J:^ 

15«*8^l7f-fe^ (MA) $ 
/c. UWBy-F6 0iSFS=J^^-^-^8 0<!:<DPBl 

[0 03 8 ] *^<D-^Sfe^cr>N I C F 5>5/-/< 
9 0H §Si£B$K: 7^ F (default) ©MA^t>^ 

^fuo^Te>n^ 0 *«wcDSO©Htfe^«-c», ni 

C F^>*>-^9 O0cJ:^T#Jfl§3ftS#je©UWB* 
+ >*;H5B, UWB^-F6 0lCj:->xmR2ti 

*»l8©*©ffiOie»^»©UWB^-i'>*^«^ 
— tfCCcfc-^r^^ti^. **M<D— 3WJB«©N I c 
h7»^9 0(i, ^-1f3&s««^Ittft*»0S^3 
-F££/&U -enecDn- F^UWBV- F6 0CC« 
!&T&J:5K:tiiJ£i*n&„ UWB F6 0#N I C F 
7>'>-a'9 0 <Dm^i$frZfzs*7-J± 5 0 KtfTST 2 

F**«LBE-T*J:5«:UWB-/- F6 0*s*JiS 
*»!8©-3aBK»ON I C F^>S/w<9 0 
tt. lO(Dil<l^i'>*^±CDUWB^- F6 0JCWU 

ra^a^^BMEL, »iJcoafi^^>^;ur7 :: -^<z)^ 
**fT5J:5K:«teS3ti*. *«^tci:oT, N I C F 
7>^^9 0(JUWB^-K6 OCD^CD^N*-^ 

[003 9] **W<D— I C 9 0B, ^i® 



* 



(8) 
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•C$>ZC£<Dnim*$:m? NIC9 0B-5- 
— K 6 0 &C UWB/- K6 0«*©t* 

mica. f&mi. mnft&vf&nmtem&^Tnm&s & 

[0 04 0] t*-*-] *«M©-W»i5»©jaB a 

5^-^-^8occ«, .a^tcKoo^6n, ,£;#©£ 

JIltt&-r-*£iKIIIU UWB^- F6 OJCitfi-r**: 10 
ibCC-e©^-*?: 9 OKSSi-'-c-y 7~vm®) 

©•=&.=-£- 7 0#&£. 7 s - FSxtf. 

^T7->;-5r-^ a > ■ s- F 4 0 ^HtSf SlA^lf:/ 
^fA5 0&c£Sff)&7 r -££j2i.5. F^^-^9 
0«> UWB?t>*JH 54^6tUWB/'- F6 0 

[0 04 1] SM£^-c&ft«KiS-r*£££r*£#. 20 

i£R§3 3 0 <i*-£-7 0©*Of&CDj|SS 

f-7 0«. f¥«S©BH»±©afll*ir»r4J:^CC« 
(SSn-S. *¥ZW(D%il(DmMKm<D*:~tt-7 0«. H* 

[0 04 2 ] [ h^>'>-^'9 0 ] 5 
f8 0tiUWBh7»-^9 04WL/tl,»5. UWB 
hv>->w?3 0i|S»i«:. UWB h^>~>-^'9 0«C 
«Sfs§P7 0 1 ij*(tSP7 OO^Sh?.. £<ISB7 0 30 
lit. UWB/-K6 0 (IlKg^hS) ©F5>-> 

-/< 3 o ct j: ~> xj£m $ nmi^^sit s <t 5 (c 
^(ssns. uwb>- F6 oicj:~?xmm2titc%zm 

fl#tt. Ewit^V^f A5 0©77 , 'Jir-i/3> • 
S- F4 1 vmftZftZT 7' 'J *r-is 3>ttH<Dmm%: 

[0 0 4 3 ] S<iSP7 0 1 tt{f-5f£«DiU 37>Fi 

f s -**#ur^4«W3ftfc«^*iMSf s ''W *7 o 

K«T5J:5K8i?fti. 3 §(12157 0 1 
«. ea-f>^"^X*.i^{t#7 2 4^rUWBf L -p>^Jl' 40 
1 5^U-C§m-r-SS{tT>^7"7 2 6*worc^ 
•5. {1^7 2 4«UWB^-F6 OA^tH^jSn. §it 
Stlt. S(fr>f-7-7 2 6COgfiS|5fej!t^>7 3 0 

*/M,r«iK$n/cta£tBMS7 2 8 icxjj-rz. 3 
tc. \-^>iy-^3 on. m^zj z>?&mm/m^ 

V-X7 3 2 <bH£nTttttB$ffl£i*7 3 4£*n,r<,> 
*^<D-HiS^eg©iiaS|oIftgifeB#raSjSS7 3 4« 

gs&^mummmmi 3 4«oj^MBs^s*wurc» 
s„ -y 5 > «wi/«fy-^7 3 2 am so 
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S>^iSSiP*^) it. £«<f#7 2 4*j£ 
f!L-fcMl£;T-5»jSPS=i5 ; x^^-^8 OtCfcoTfUfflS 

nsi^ij^- piczi&rzm^mm 3 6 ^^sr-s. 
ME?m«c^m^i7 3 4«. &mmm 2 4©#^\>u 

X£WLTt,>.*>Ji»!fc)fc* -<5>^m-^7 3 8*£J&? 

[0 044] tS5fflMH7 2 8 K JroT^fStl^lfcHi 
^-D-feX« > ffl-^ft-^7 3 6 <tS<ffi-^7 2 4©ti35ffl 

*^>Ffg#7 4 0*i£J5;?tt-2>. "C-.X/O K<f^f7 

4 o «aiss7 4 2 (ci-^-cap^n. mmztitctm 

7 4 44r^-T-S„ 

[0045] g/c. ##£BJ<d— mffi&1&<0'<--X'*> F 
M7 4 0 -< ;U* 7 4 6 KA^lTS. -< 

W746 «. ^pjet^B#P^S*7 3 4 ©*>-r*»ftfi[ 
fBtJUSfctT^ffffi/a -7 *$»S7 5 OCD/cSXCi^- 
i^7 4 8 4W5. 

[0046] [jgfiN*] SPg35*-^-f 80©h7 

>->-^ 9 o ©3ffta$ 7 o o it. mr$mm%z$m i o 6 

ttSjgWiflfc * s > d/ft-^ 7 0 4 s 
B#P<aSi£7 0 2 £*0T(,>2>. «FPJil^SIS7 06(i 

[0047] tfcnm^i o 8 * 7 o 
&;*n-E>. *^©-syfi^©ft-^ i 7 o 8«. 

^icm^tltc^=.9--Q&i>. C(Om^. 1^708 

[0 04 8] ^mztiicn 4 5>^«#7 i o\t. mm 
■^7 \A^mtsm i 6nctb^-r^„ tb^ia7 1 6-c 

«. ^lS3n?clf#{ti»-Y Z>?mm 1 4?r I- U^i 
LX&iX, UWB^;l/X5r^lSf -2. (^F0^) . UW 
B^mu^u:. jHmr>T-7-7 1 8CC. **l«:^3*l/c 
Ei7-r>7 2 0 5r/ruriiP><is„ i^tr>7-7-7 l 

8(CJ:-?T. UWB^^^tifefilfflmfig^Jl'X? 22(c 
[0049] *3EW©1*3e<lM(fa[tt»fW£W*i^Stltt 

^ )&:^r ©<SiE-f>^M^«©i»*ilK: <fc o n 
[@2]@2«. *^©-^S6^tcS-^<S 1(C^ 
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